Rationale: Cognitive impairment is common among older adults, yet little is known about the association of pre-intensive care unit cognitive status with outcomes relevant to older adults maintaining independence after a critical illness.
More than 1 million older adults survive an intensive care unit (ICU) stay in the United States each year (1) , and this number is expected to increase as the population ages (2) . Many ICU survivors suffer from physical (3, 4) , cognitive (5, 6) , and mental health impairments (7) after discharge, which can result in disability (8) . Disability, defined as dependence in carrying out activities essential to independent living, can have devastating consequences for older adults, as it is associated with increased mortality (9) , institutionalization, and greater use of home care services (10) .
Pre-ICU vulnerability factors may strongly influence post-ICU outcomes, including disability (4, (11) (12) (13) . In the United States, as many as 5 million older adults have dementia, and several million more are thought to have milder degrees of cognitive impairment that often go unrecognized by physicians (14, 15) , including critical care physicians (16) . Despite the high prevalence of cognitive impairment among older adults, little is known about the association of pre-ICU cognitive status with functional outcomes after a critical illness. Because it is difficult to accurately assess cognitive function in critically ill patients, many high-quality studies have approximated premorbid cognitive function using proxy questionnaires (17) . To our knowledge, the association of pre-ICU cognitive status with important post-ICU functional outcomes, such as disability and new nursing home admission, has not been previously evaluated. Moreover, understanding whether pre-ICU cognitive status affects subsequent mortality can inform goals of care discussions in the ICU.
To address these knowledge gaps, we used data from a unique longitudinal study that includes objective assessments of cognitive status and monthly assessments of disability over 151 years. Our objective was to evaluate the relationship between pre-ICU cognitive status and three distinct outcomes over the 6 months after a critical illness: disability, incident nursing home admission at hospital discharge, and allcause mortality.
Methods Study Population
Participants were drawn from the Precipitating Events Project (PEP), an ongoing longitudinal study of 754 community-dwelling adults aged 701 years. The cohort was enrolled between March 1998 and October 1999; complete details have been provided elsewhere (18) . The Yale Human Investigation Committee approved the study. All participants provided informed consent.
Data Collection
Comprehensive home-based assessments were completed at baseline and at 18-month intervals. Telephone interviews were completed monthly through June 2014. For participants who had significant cognitive impairment or were unavailable, a proxy informant was interviewed. Deaths were ascertained by review of obituaries and/or from a proxy. A total of 613 (81.3%) participants died after a median of 98 months, and 43 (5.7%) dropped out of the study after a median of 27 months. Data were otherwise available for 99.2% of 81,194 monthly interviews.
Assessment of cognitive status and covariates. Cognitive status was assessed during the comprehensive assessments, using the Mini-Mental State Examination (MMSE) (19) , the most commonly used global measure of cognition. Scores were categorized as at least 28 (cognitively intact), 24-27 (minimal impairment), and not more than 24 (moderate impairment) (20, 21) . In the absence of a formal clinical evaluation, we chose not to use the term "mild cognitive impairment," which has specific diagnostic criteria (22) . Data were also obtained on demographics, nine chronic conditions (18) , and physical capabilities, using a modified Short Physical Performance Battery (23, 24) , a validated and widely used measure of lower extremity physical performance among older adults.
Assessment of disability. During the monthly interviews, participants were asked, "At the present time, do you need help from another person [to complete the task]?" for four basic activities (bathing, dressing, walking, transferring), five instrumental activities (shopping, housework, meal preparation, taking medications, managing finances), and three mobility activities (walk a quarter-mile, climb a flight of stairs, lift/carry 10 pounds). Disability was defined as the need for personal assistance or inability to perform the task. Participants were also asked, "Have you driven a car during the past month?" Participants who responded "no" were classified as "disabled" in driving (25) . To address the small amount (0.8%) of missing disability data, we used multiple imputation with 100 random draws per missing observation (26) .
Assessment of hospitalizations and nursing home admissions. During the monthly interviews, participants were asked whether they had stayed overnight in the hospital since the prior interview. Based on an independent review of hospital records, the accuracy of these reports was high, with a sensitivity of 93.3% (95% confidence interval [CI], 90.5-96.1%) and a specificity of 99.3% (95% CI, 99.0-99.6%) (27) . Participants were also asked whether they had been admitted to a nursing home during the prior month. The accuracy of these reports was also high, with a sensitivity of 96.3% (95% CI, 89.2-100%) and a specificity of 100% (95% CI, 88.1-100%) (28) .
Ascertainment of intensive care unit admissions and acquisition of intensive care unit data. The majority of ICU admissions were identified through critical care revenue codes using linked Medicare claims data. We included codes for general, specialty, and coronary care units, while excluding psychiatric or intermediate critical care (29) . For participants in managed Medicare, information was first obtained on hospitalizations from the monthly interviews. To identify ICU admissions, a medical record review of each hospitalization was then performed (4) . For all ICU admissions included in this study, data were obtained about ICU length of stay, mechanical ventilation, and shock (see the online supplement).
Assembly of the analytic samples and outcomes. Figure 1 summarizes the assembly of the analytic samples. We considered all ICU admissions from enrollment through December 2013. One admission less than 24 hours was excluded. Because cognitive status was updated during the comprehensive assessments, only the first ICU admission per 18-month interval was included. One additional admission was excluded because we required 6 months or more between admissions occurring in consecutive intervals. Overall, 391 eligible ICU admissions were contributed by 303 participants.
The primary outcome was the disability count (0-13) over the 6 months after an ORIGINAL RESEARCH ICU admission. To reduce floor effects, admissions (n = 48) with the maximum disability count of 13/13 in the month before ICU admission were excluded. The resulting analytic sample included 266 ICU admissions contributed by 215 participants who survived to the first post-ICU monthly interview.
The secondary outcome was incident nursing home admission. The analytic sample included 267 ICU admissions contributed by 216 participants who were community-living before admission. Another secondary outcome was time to death in days from hospital admission through 6 months of follow-up. The analytic sample for this outcome included all 391 ICU admissions.
Statistical Analysis
We determined the mean number of disabilities by cognitive status over the 6 months after an ICU admission, with the pre-ICU disability count (from the month Figure 1 . Assembly of the analytic samples from the parent cohort. All intensive care unit (ICU) admissions from study enrollment through December 2013 were identified. Because cognitive status was updated during the comprehensive assessments, only the first ICU admission per 18-month interval was included, yielding 391 eligible ICU admissions contributed by 303 participants. For the primary outcome of post-ICU disability count, the analytic sample included 266 ICU admissions contributed by 215 participants who survived to the first post-ICU monthly interview. For the secondary outcome of incident nursing home admission, the analytic sample included 267 ICU admissions contributed by 216 participants who were community-living before ICU admission. For the mortality outcome, the analytic sample included all 391 ICU admissions. NH = nursing home; PEP = Precipitating Events Project.
ORIGINAL RESEARCH before admission) included as a reference point. For descriptive purposes, we categorized the disability scores as mild (,4), moderate (4-7), or severe (>8).
For the multivariable model, we chose the following covariates a priori based on clinical relevance and prior research (4, 30) : age, sex, race, education, number of chronic conditions, disability count in the month before ICU admission, physical capabilities, mechanical ventilation, shock, and ICU length of stay. We determined the adjusted associations between pre-ICU cognitive status and disability count over the six post-ICU months, using a negative-binomial distribution with generalized estimating equations. The model calculated the associations as relative risks (RRs), representing the proportional rise in the average post-ICU disability count corresponding to the level of impaired cognitive status, compared with intact cognition.
We calculated the rate of incident nursing home admission by pre-ICU cognitive status. We evaluated the association between cognitive status and nursing home admission using a multivariable logistic regression model with generalized estimating equations and the aforementioned set of covariates. We plotted survival by pre-ICU cognitive status using the Kaplan-Meier method from admission through 6 months of follow-up and compared the survival curves using the log-rank test. We tested for a mortality trend across the three cognitive groups with a Poisson distribution after graphically verifying linearity. Finally, we evaluated the association between pre-ICU cognitive status and time to death in days with a multivariable Cox proportional hazards regression model with the same covariates noted above.
For the two nonmortality outcomes, we completed a series of sensitivity analyses to assess for potential bias due to the competing risk of death. We imputed the missing outcomes from decedents to test the primary results against a range of hypothetical outcomes. This was the best statistical approach for our outcomes; the more common Fine and Gray approach is most appropriate for time-to-event outcomes (31) . For the primary outcome, the disability counts of the 46 decedents who died between Months 1 and 6 of follow-up were imputed as both missing at random (MAR) and not missing at random (NMAR) (32) . For the other nonmortality outcome, incident nursing home admissions were also imputed for hospital decedents under the same MAR and NMAR scenarios.
All analyses were performed with SAS (version 9.4; SAS Institute), and P , 0.05 (two-tailed) was used to indicate statistical significance.
Results
Descriptive statistics for the 266 ICU admissions in the primary analysis are presented in Table 1 according to pre-ICU cognitive status. The mean age was 83.5 years, and the prevalence of moderate impairment, minimal impairment, and intact cognition was 17.3, 46.2, and 36.5%, Hypertension, myocardial infarction, heart failure, stroke, diabetes mellitus, arthritis, hip fracture, chronic lung disease, and cancer (other than minor skin cancers).
x Disability was assessed monthly in each of 13 functional activities: four activities of daily living (bathing, dressing, walking, and transferring), five instrumental activities (shopping, housework, meal preparation, taking medications, and managing finances), and four mobility activities (walk a quartermile, climb a flight of stairs, lift or carry 10 pounds, and drive in the past month). jj Short Physical Performance Battery (SPPB) (24) : Scores range from 0 to 12, with higher scores indicating better performance on three objectively measured tasks (gait speed, chair stands, and balance), as described in the text. ¶ When data were available from Medicare claims, ICU length of stay was based on the number of days billed in a critical care unit. For participants in managed Medicare, ICU length of stay was abstracted from the medical record. **Ascertained using International Classification of Diseases, Ninth Revision (ICD-9) codes and chart review, as described in the METHODS in the online supplement.
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respectively. The markers of ICU severity of illness were comparable across the categories of cognitive status. Figure 2 provides the mean number of disabilities over the six post-ICU months by pre-ICU cognitive status, with the pre-ICU disability count as a reference point. Although all three cognitive groups experienced increasing disability in the setting of a critical illness, the moderately impaired group experienced little functional recovery, with persistent severe disability (mean, 8.2) at the end of followup. The minimal impairment group experienced modest functional recovery, but remained moderately disabled (mean, 6.4). In contrast, the cognitively intact group experienced near-complete functional recovery, returning to a mean of 3.8 disabilities (median, 2.0) from their pre-ICU mean of 3.2 disabilities (median, 2.0). In the multivariable analysis, moderate impairment was associated with nearly a 20% increase in the average disability count over the 6 months after a critical illness (RR, 1.19; 95% CI, 1.04-1.36), referent to the cognitively intact group. The corresponding value for minimal impairment was a 16% increase (RR, 1.16; 95% CI, 1.02-1.32). In the sensitivity analysis, the associations between pre-ICU cognitive status and post-ICU disability remained robust to the competing risk of death (Table E1 in the online  supplement) . Table 2 provides descriptive statistics for the secondary analyses. The rate of incident nursing home admission increased with worsening pre-ICU cognitive status: intact, 35.1%; minimal impairment, 46.2%; moderate impairment, 62.7%. In the multivariable analysis, pre-ICU moderate impairment was associated with more than double the odds of new discharge to a nursing home after a critical illness (odds ratio, 2.37; 95% CI, 1.01-5.55). Minimal impairment was not significantly associated with incident nursing home admission (odds ratio, 1.61; 95% CI, 0.87-3.00). In the sensitivity analysis (Table E2) , the associations remained robust to the competing risk of death.
Survival by pre-ICU cognitive status is provided in Figure 3 . The log-rank test demonstrated a statistically significant survival difference across the three cognitive groups (P = 0.002). Mortality rose with worsening cognitive status: cognitively intact, 31.5%; minimal impairment, 41.5%; moderate impairment, 53.8% (P , 0.001 for trend). However, in the multivariable analysis, compared with the cognitively intact group, neither moderate impairment (hazard ratio, 1.19; 95% CI, 0.65-2.19) nor minimal impairment (hazard ratio, 1.00; 95% CI, 0.61-1.62) was significantly associated with mortality.
Discussion
We found that any impairment in pre-ICU cognitive status was independently associated with greater disability over the 6 months after a critical illness, and that the relative increase in post-ICU disability was comparable between those with minimal and moderate cognitive impairment. Relative to intact cognition, moderate impairment was associated with more than double the likelihood of a new nursing home admission at hospital discharge. However, pre-ICU cognitive impairment was not associated with mortality from ICU admission through 6 months of follow-up. These findings provide new information about the association of pre-ICU cognitive status with post-ICU disability, incident nursing home admission, and mortality among critically ill older adults.
Outside of the ICU, cognitive impairment has been associated with diminished disability-free life expectancy (33) and incident ADL disability (34) . In these longitudinal studies, increasingly severe cognitive impairment is generally associated with greater disability (35) . Our study adds to this literature by evaluating, for the first time, the association of pre-ICU cognitive impairment and subsequent disability in a cohort of critically ill older adults. Some of our findings differed from those of the earlier non-ICU studies. For example, the association between cognitive impairment and post-ICU disability in our study was relatively modest, and the effect sizes of mild and moderate cognitive impairment were comparable. This may be partly due to selection effects, as the distribution of MMSE scores suggests that the most severely cognitively impaired older adults may not have been admitted to the ICU. 
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Older adults currently represent the majority of patients admitted to ICUs in the United States (2, 36) . With the aging of the population, the number of persons with cognitive impairment has been increasing (15) ; by 2050, between 11 and 18.5 million adults will have some degree of cognitive impairment in the United States (14) . Hence, the number of older adults presenting to the ICU with preexisting cognitive impairment will only increase. We did not find an association between cognitive status and mortality, indicating that these patients will join the growing ranks of ICU survivors. Our finding that pre-ICU cognitive impairment was associated with increased post-ICU disability and new nursing home admission-two outcomes strongly linked to a loss of independence among older adults-has implications for the burden of post-ICU care for patients, caregivers, and society.
To illustrate, let us consider an average patient in the moderate impairment group. An 84-year-old woman is admitted to the ICU. She had been living in her own home, with assistance from family for six activities (managing finances, shopping, driving, meal preparation, lifting 10 pounds, and housework). After her ICU admission, she becomes dependent in three additional activities: walking a quarter-mile, climbing a flight of stairs, and bathing. She is therefore discharged to a nursing home from the hospital for rehabilitation. Over the subsequent months, she has some functional recovery, but remains disabled in more than seven activities 6 months later. This magnitude of disability would have consequences for independent living, with (at best) greater dependence on formal home services and informal caregivers, and possibly, institutionalization.
In a study of health outcome prioritization, "maintaining independence" was ranked as the most important health outcome by a majority (76%) of older persons, with staying alive ranked a distant second (37) . Because a patient's values and preferences are the foundation of shared decision-making in the ICU (38) , understanding that a loss of functional independence is more likely in those with cognitive impairment may help inform conversations about goals of care and treatment decisions. Moreover, understanding the expected increase in post-ICU disability and potential implications for independence may inform advance care planning discussions with cognitively impaired older patients and their families in the outpatient setting.
For older adults whose treatment preferences include ICU admission, providers can consider steps that may reduce the likelihood of adverse functional outcomes. First, providers can try to identify preexisting cognitive impairment, which is x Of a possible nine: hypertension, myocardial infarction, heart failure, stroke, diabetes mellitus, arthritis, hip fracture, chronic lung disease, and cancer (other than minor skin cancers). jj From the month before ICU admission, assessed in each of 13 functional activities: four activities of daily living (bathing, dressing, walking, and transferring), five instrumental activities (shopping, housework, meal preparation, taking medications, and managing finances), and four mobility activities (walk a quarter-mile, climb a flight of stairs, lift or carry 10 pounds, and drive in the past month). ¶ Short Physical Performance Battery (SPPB) (24): Scores range from 0 to 12, with higher scores indicating better performance on three objectively measured tasks (gait speed, chair stands, and balance), as described in the text. **When data were available from Medicare claims, ICU length of stay was based on the number of days billed in a critical care unit. For participants in managed Medicare, ICU length of stay was abstracted from the medical record. † † Ascertained using ICD-9 codes and chart review, as described in METHODS in the online supplement.
ORIGINAL RESEARCH often underrecognized in older ICU patients (16) . Prior research has demonstrated that it is feasible to detect cognitive impairment in the ICU, using validated tools administered to proxy informants (39) . Although these tools may not provide a precise assessment of cognitive function, our results suggest that ascertaining any degree of cognitive impairment may be informative, given the comparable effect sizes of minimal and moderate cognitive impairment. Second, efforts to reduce the incidence of ICU delirium are particularly important in this population. Dementia is a strong predictor of ICU delirium (40) , and delirium is associated with a host of adverse outcomes, including disability (5, 41, 42 (43) . Developing and testing rehabilitation approaches for ICU survivors across the spectrum of cognitive impairment should be a focus of future research. The major strength of our study is its prospective design, allowing for objective assessments of cognitive status using the MMSE before a critical illness. In addition, the monthly assessments of functional status allowed us to rigorously evaluate the course of disability surrounding a critical illness. Additional strengths include minimal attrition for reasons other than death, the inclusion of managed Medicare patients, and an analytic strategy that assessed for the competing risk of death.
Our study has several limitations. First, the proportion of the sample with moderate impairment was lower than expected given the age of the population, suggesting that some critically ill patients with more severe cognitive impairment may not have been admitted to the ICU. This would have attenuated the magnitude of post-ICU disability seen in the moderate impairment group. Second, we did not have information about limitations on life-sustaining treatment, which may have varied by cognitive status. Third, it is possible that cognitive status may have changed between the prior assessment and ICU admission, although it would be unlikely to improve. Finally, because participants were drawn from one geographic region, our results may not be generalizable to other settings. However, the demographics of our cohort reflect those of older adults in greater New Haven County, which are similar to the U.S. population with the exception of race (44) .
Conclusions
Preexisting cognitive impairment, whether mild or moderate, is independently associated with the course of disability after a critical illness, and moderate cognitive impairment is associated with new nursing home admission among previously community-living older adults; however, premorbid cognitive status is not associated with mortality from ICU admission through the subsequent 6 months. Pre-ICU cognitive status may provide important prognostic information about the likelihood of older adults maintaining their functional independence after a critical illness. n Author disclosures are available with the text of this article at www.atsjournals.org. ORIGINAL RESEARCH
